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Background & Aims: The HLA complex on chromosome 6p21 is
firmly established as a risk locus for primary sclerosing cholangi-
tis (PSC). We aimed to exploit genetic differences between North-
ern Europe and Italy in an attempt to define a causative locus in
this genetic region.
Methods: Seventy-eight North-Italian PSC patients and 79 con-
trols were included. We performed sequencing-based genotyping
of HLA-C, HLA-B, and HLA-DRB1. The major histocompatibility
chain-related A (MICA) transmembrane microsatellite was ana-
lysed using PCR fragment length determination. The tumour
necrosis factor-alpha (TNF-a)-308G?A polymorphism was geno-
typed with TaqMan�. Allele frequencies were compared with
Chi-square tests. Uncorrected p-values <0.05 were considered
statistically significant when replicating findings in previous
studies. The p-values of novel associations were corrected for
multiple comparisons (Bonferroni).
Results: The frequency of the strong inhibitory HLA-C2 killer-
immunoglobulin receptor (KIR) ligand variant was significantly
reduced in PSC vs. controls (0.39 vs. 0.58, p = 0.0006). Conse-
quently, HLA-C1 homozygosity was associated with an increased
risk of PSC (OR 3.1; 95% CI 1.4–6.7, p = 0.004). Importantly, there
were no significant associations with the HLA-Bw4 KIR ligand

variant, at the neighbouring MICA locus or with TNF-a-
308G?A. At HLA-DRB1, we confirmed positive and negative asso-
ciations with DRB1�15 and DRB1�07, respectively, while there
were no associations with the DRB1�03, �04 or �1301 alleles typ-
ically detected in PSC in Northern Europe.
Conclusions: The strong inhibitory of the KIR ligand HLA-C2 pro-
tects against PSC development in all populations hitherto studied.
Further studies on the role of natural killer cells and T-lympho-
cytes expressing KIRs in PSC pathogenesis are warranted.
� 2010 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

The aetiology of primary sclerosing cholangitis (PSC) is unknown
[1]. Siblings have a 9-39x increased risk of PSC as compared to the
overall population, suggesting the presence of a heritable compo-
nent in the pathogenesis [2]. Genetic variation in the large HLA
complex at chromosome 6p21 influences PSC susceptibility, but
the exact disease genes have not been possible to define [3].

Since the 1982 report on an HLA-B8 and DR3 association [4],
the main focus of genetic studies in PSC has been the HLA class
I (mainly HLA-A, -B and -C) and class II (mainly HLA-DRB1,
DRB3, DRB4, DRB5, DQA, and DQB1) genes, which encode mole-
cules involved in antigen presentation to T cell receptors [5]. In
addition to HLA-B�08 and DRB1�03 (serologic B8 and DR3), the
main HLA gene variants associated with PSC susceptibility are
HLA-Cw�07, a series of DRB1 alleles (DRB1�04, �07, �1301 and
�15) and corresponding DRB3, DRB5, DQA, and DQB1 variants
[6–11]. These associations could indicate that immune responses
against specific (auto-) antigens are pathogenetically important
in PSC. However, other genes in the HLA complex (e.g., major his-
tocompatibility complex class I chain–related A [MICA] and
tumour necrosis factor-alpha [TNF-a]) have also been implicated
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[12–15]. Recently, it was proposed that the associations at HLA-C
and HLA-B in PSC might result from the variations of these mol-
ecules critical to their additional function as ligands for killer
immunoglobulin-like receptors (KIRs) on natural killer (NK) cells
and various T-lymphocytes [16].

Studies of HLA associations in any disease are complicated by
a strong tendency of variants in more than 250 protein coding
genes in this region to be inherited together (strong linkage dis-
equilibrium [LD]). There is a considerable genetic variation in the
HLA complex along a North-South axis of Europe [17]. Patterns of
LD may also vary depending on the study population. Such phe-
nomena may be exploited in attempts to pinpoint the exact genes
responsible for disease associations [18]. Two previous studies
have assessed HLA associations in Italian PSC [9,11]. None of
these have assessed genetic variation within the HLA class I KIR
binding motifs or at MICA. In the present work, we aimed to sys-
tematically re-evaluate HLA class I and II associations in an Italian
PSC cohort with a particular emphasis on genetic variation in the
vicinity of HLA-B and MICA.

Materials and methods

Subjects

Seventy-eight PSC patients and 79 healthy controls from Northern Italy were
included (Table 1). Diagnosis was based on clinical, cholangiographic and histo-

Table 1. Characteristics of the patients with primary sclerosing cholangitis
and the healthy controls.

Features Patients
(n = 78)

Controls
(n = 79)

General
Male sex, n (%) 43 (55) 48 (61)
Age (years) 51 41
median (range) 16–80 18–60
Duration of disease (years) 11 –
median (range) 3–35
Mayo risk score 0.5 –
median (range) 0.2–1.2

Clinical
Inflammatory bowel disease, n (%) 57 (73)a –
Varices, n (%) 7 (9) –
Cirrhosis, n (%) 13 (17) –
Cholangiocarcinoma, n (%) 1 (1.2) –

Laboratory
Alkaline phosphatase,b (U/L) 457 121
median (range) 91–1725 97–270
Aspartate aminotransferase,c (U/L) 97 32
median (range) 11–423 21–43
Total bilirubin,d (mg/dl) 1.31 0.5
median (range) 0.2–8.0 0.1–1.1
Serum ANCA – positive, n (%) 19 (24) –

a Colonoscopy not performed in six patients. If excluding these, 57 out of 72
(79%) patients had colitis.
b Reference value <279.
c Reference value <50.
d Reference value <1.0.

Fig. 1. The interaction between HLA-C1 and KIR2DL2/3 and between HLA-C2 and KIR2DL1. The residue at position 80 of HLA-C defines the specificity; C1 carries Asn,
while C2 carries Lys [20]. The C1-KIR2DL2/3 interaction gives a weaker inhibition of natural killer cells compared with the C2-KIR2DL1 interaction [32]. a1/2/3: subdomains
of HLA class I a-chain; b2M: b2-microglobulin; D1/2: subdomains of KIRs; KIR2DL1/2/3: KIR variants. Abbreviations: Asn, asparagine; Lys, lysine; KIR, killer immunoglobulin-
like receptor.
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